Identification and Characterization of Novel Nemophila menziesii Flavone Glucosyltransferases that Catalyze Biosynthesis of Flavone 7,4'-O-Diglucoside, a Key Component of Blue Metalloanthocyanins.
The brilliant blue color of the Nemophila menziesii flower is derived from metalloanthocyanin, which consists of anthocyanin {petunidin 3-O-[6-O-(trans-p-coumaroyl)-β-glucoside]-5-O-[6-O-(malonyl)-β-glucoside]}, flavone [apigenin 7-O-β-glucoside-4'-O-(6-O-malonyl)-O-β-glucoside] and metal ions (Mg2+, Fe3+). Although the two glucosyl moieties at the apigenin 7-O and 4'-O positions are essential for metalloanthocyanin formation, the mechanism of glucosylation has not yet been clarified. In this study, we used crude protein extract prepared from N. menziesii petals to determine that apigenin is sequentially glucosylated by the catalysis of UDP-glucose:flavone 4'-O-glucosyltrasferase (F4'GT) and UDP-glucose:flavone 4'-O-glucoside 7-O-glucosyltransferase (F4'G7GT). We identified 150 contigs exhibiting homology with a UDP-glucose-dependent GT in the N. menziesii petal transcriptome and isolated 24 putative full-length GT cDNAs which were then subjected to functional analysis. Two GT cDNAs, NmF4'GT and NmF4'G7GT, which are highly expressed during the early stages of petal development and rarely in leaves, were shown to encode F4'GT and F4'G7GT activities, respectively. Biochemical characterization of the recombinant enzymes revealed that NmF4'GT specifically catalyzed 4'-glucosylation of flavonoids and that NmF4'G7GT specifically catalyzed 7-glucosylation of flavone 4'-O-glucosides and flavones. Apigenin 7,4'-O-diglucoside was efficiently synthesized from apigenin in the presence of recombinant NmF4'GT and NmF4'G7GT. Transgenic tobacco BY-2 cells expressing NmF4'GT and NmF4'G7GT converted apigenin into apigenin 7,4'-O-diglucoside, confirming their activities in vivo. Based on these results, we conclude that these two GTs act co-ordinately to catalyze apigenin 7,4'-O-diglucoside biosynthesis in N. menziesii.